Patterns in species richness of 23 small, isolated forests on the inland mountains of the southern Cape were studied. Species richness of woody plants and vines of the Kouga-Baviaanskloof Forests was higher than in the western mountain complexes, where species richness in the more southern Rooiberg and Kamanassie Mountains was higher than in the Swartberg range. The Rooiberg, a dry mountain with small forests far away from the coastal source area, had more species than, and contained many species which are absent from, the larger, moister forests of the Kamanassie which are closest to the coastal source areas. Neither altitude nor distance from the source area, the forests south of the coastal mountains, nor long-distance dispersal, adequately explained the variation in species richness. The variations are best explained in terms of dispersal corridors along the Gouritz and Gamtoos River systems which connect the coastal forests with the inland mountains. The distribution patterns of four species groups in relation to the geomorphological history of the two river systems provide relative dates for the expansion and contraction of temperate forest, subtropical forest and subtropical transitional thicket in the southern Cape.
In the southern Cape several mountain complexes oc cur north (inland) of the coastal mountains. These inland mountains are surrounded by semi-arid to arid valleys and lowland. Two river systems, however, connect the inland areas with the coast. A third river system almost breaks through the coastal mountains near one of the inland mountains. Forests on the inland mountains are very small and isolated and are in sharp contrast to the large and widespread forests along the coast (Anon. 1987) . Their distribution, com position and conservation status are poorly known. Axelrod & Raven (1978) and Deacon (1983) recon structed the palaeofloras of Africa. They speculated that the temperate forest which covered the southern tip of Africa during the Palaeocene (65 to 55 My BP) was re placed by subtropical forest during the Oligocene-Miocene (37 to 5 My BP) and subsequently by fynbos and arid shrublands during the Late Pleistocene (125 000 to 10 000 yBP). The general increasing aridity in the south ern Cape region since the beginning of the Miocene (24 My BP) (Deacon 1983) suggests further that over time the inland forest patches became increasingly isolated. Hypothetically the current flora of the isolated inland for ests would therefore consist of species which have sur vived in suitable refuge sites, species with tolerance ranges which would enable them to survive in the changed environment, and species which have colonized from suit able forest source areas. Geldenhuys (1986; 1992a, b; 1994) studied several aspects of the distribution, fragmen tation and biogeography of the South African forests in general and the southern Cape coastal forests in particular. The question was raised: how do the inland forests relate to the coastal forests in the southern Cape? Several studies have successfully used geomorphological evidence to re construct the biogeography of floras and taxa (Kaul et al. 1988; Moore 1988) and the phylogeny of families and genera, e.g. of freshwater fishes (Skelton 1986) . Smith (1981) considered the geological and palaeogeographical history of the landmasses around Tasmania as well as colonizing ability and altitudinal range of species in a study of the origin of the Tasmanian high mountain flora.
Taxa move from source areas along different pathways (corridors, filters or sweepstake routes) to colonize new sites (Brown & Gibson 1983) . If they move along a cor ridor (which contains a wide variety of suitable sites or habitats), the composition of the community in the new site will be very similar to the community at the source. If they move through a filter (which contains a limited variety of suitable sites or habitats), the community at the new site will contain a limited component of the source community. If they move along a sweepstake route (which cuts across areas with totally different environments), the community in the new site will contain only species which will survive long distance dispersal across unsuitable ar eas. Island biogeographic theory was evoked to explain the extinction and colonization of animal species on oce anic islands of different size and distance away from the source areas (MacArthur & Wilson 1967) , and more re cently for plants in islands of fynbos in the southern Cape forests (Bond et al. 1988) . Dispersal is only of signifi cance if the organism can establish a viable population upon arrival in the new area (Brown & Gibson 1983) . Physical and biological barriers to successful colonization by forest plants are insufficient moisture (arid valleys), extreme temperature (mountain tops, frost in valleys), dis turbance patterns (fire in fynbos) and absence of long dis tance dispersal agents (migrant frugivorous birds). How ever, man-induced changes in the vegetation and environ ment during historical times may eliminate or confuse the evidence required to elucidate the biogeographical patterns.
The objectives of this study were:
• to determine the patterns in species composition and richness of forest communities in different inland moun tain complexes of the southern Cape.
• to explain the observed patterns in terms of habitat preferences of species; species-area and species-distance relationships; long-distance dispersal; dispersal corridors in relation to the geomorphological history of the land scapes in the region.
• to aid interpretation of vegetation changes in the coastal forests from the dating of forest expansion and contraction on the inland mountains.
STUDY AREA
The study covers the Cape Folded Belt in the southern Cape of South Africa, between Ladismith and Riversdale in the west and Humansdorp in the east (Figure 1) . A site in the Groendal Wilderness Area northwest of Port Eliza beth was included as a riverine site in the coastal moun tains which appeared to be similar to the sites in the inland mountains. The dominant physiographic feature of the main study area are the subparallel mountain ranges and the intermontane lowland belts which run approximately east-west (Lenz 1957) . In the west the Swartberg range, the highest range in the study area (up to 2 250 m) forms the northern boundary. The Kouga-Baviaanskloof Moun tain complex forms the northern boundary to the east. It consists of several parallel ranges with relatively narrow east-trending valleys. Three river systems link, or partially link, the coastal area with the inland mountains and are important for the interpretation of the forest flora. The G ouritz River breaches the Langeberg-Outeniqua ranges west of Mossel Bay through the Gouritzpoort. Inland it is formed by the confluence south of the Rooiberg of the Olifants River which drains the Oudtshoorn basin, the Gamka River which flows through the Swartberg north of Calitzdorp and which drains the Karoo west of Beaufort West, and the Groot River which drains the area to the west of the Rooiberg. Tributaries of these rivers breach the Swartberg range through several poorts such as, from west to east, Seweweekspoort, Gamkapoort, Meiringspoort and Cheridouwspoort. A poort is a relatively narrow, steep-walled opening, cutting almost perpendicularly across a topo graphic barrier, through which the open areas on either side are connected, usually by a river (Lenz 1957) . The Keurbooms River which runs between the Kamanassie Mountain and Plettenberg Bay, does not fully breach the gap between the Outeniqua and Tsitsikamma ranges south of the Kamanassie Mountain. A low, narrow ridge sepa rates its origin from the Kamanassie River which drains the southern slopes of the Kamanassie Mountain and runs in a northwesterly direction to join the Olifants River. The Gamtoos River east of Humansdorp is formed by the con fluence of the Baviaanskloof and Groot Rivers. The Witrivier is a small stream which joins the Groot River north of the Grootrivierpoort at Cambria. The Zunga (or Swartkops) River runs from Groendal towards the coast at Port Elizabeth.
Geologically the mountains owe their existence to their heavily folded structure and the resistance of the quartzitic Table Mountain Sandstones to weathering. Softer sand stones and shales of the Bokkeveld Series eroded more readily to form the syncline valleys (Lenz 1957; Theron 1962; Toerien 1979 ).
The few weather stations in the area all occur in the lowlands. Data are available for short periods for a number of rain gauges across the Swartberg (along the Pass and in the east) and Kamanassie Mountains. Rainfall increases linearly with increase in elevation, and rain shadow effects are apparent on north slopes. In the Swart berg Pass area annual rainfall declines rapidly from 725 mm at 1 600 m to 210 mm at 884 m on the northern foothills and to 182 mm at 686 m in Prince Albert on the edge of the Great Karoo (Bond 1981). Annual rainfall on the southern foothills is 411 mm at 640 m (Cango Caves) tain fynbos and grassy fynbos cover most of the moun tains and are interspersed with small patches of evergreen forest in protected gullies and valleys. Karroid broken veld covers the low-lying valleys of the Little Karoo, and sub tropical transitional thicket extends south of Groendal and occurs in parts of Baviaanskloof.
METHODS
Twenty-three forested gorges, gullies and riverine sites were visited to represent the variety of sites with forest species encountered on the inland mountains ( Figure 1 ; Table 1 ). In this study the definition of a forest (Geldenhuys et al. 1988) was extended to accommodate scattered bush clumps and isolated trees of species which are usu ally associated with forest, as observed in Seweweekspoort, Meiringspoort and Cheridouwspoort. For each study site a list was compiled of all plant species which were associated with the forest communities. Emphasis was placed on recording all tree and shrub species, but taxa of other growth forms were also recorded as com pletely as possible.
The size of each forest (Table 1) was estimated in the field. Most forests consisted of a long, narrow stand along a stream or river. The length of the stream which was covered in the survey was estimated from 1 : 50 000 topo graphic maps and the mean width of the forest was esti mated in the field. Altitude was read from the relevant 1 : 50 000 topographic maps.
Obvious or important disturbance factors affecting the forest communities were recorded. These included fire, flooding of rivers, landslides and wind. Reliable information on temperature regimes is less available. Diurnal and seasonal temperature variation is large. Mean maximum temperature for the warmest month is 31.8°C for Oudtshoorn and 27.8°C for Uitenhage and the mean minimum temperature for the coldest month is 3.5°C and 5.8°C for the two towns respectively. The mean number of days per annum with frost is 7.3 and 1.4 for the two towns (Weather Bureau 1986). Snow occurs five or six times per annum on the Swartberg and may lie for more than two weeks (Bond 1981) .
The main vegetation types of the area have been de scribed by Acocks (1988) , Taylor (1979) , Bond (1981) and Cowling (1984) , and in unpublished reports. Moun The relationship between the number of woody species (plus vines) or the number of herbaceous species in a for est and the altitude, forest area and direct distance (km) to the nearest source area was determined by means of stepwise multiple regression (STSC 1986) . Log transfor mations were used for all variables because of the highly skew nature o f the observations, a procedure usually fol lowed in such studies (Bond et al. 1988) . The southern Cape forests (Geldenhuys 1993a), marked in black as 'in digenous forest', and 'island' coastal forest west of Port Elizabeth ( Figure 1 ) were considered to be the nearest source areas.
The distribution o f taxa, mainly woody species, on the inland mountains was represented by means o f tables which indicate the frequency of species on each particular mountain range or in similar sites within a range. The sites were grouped on the basis of assumed dispersal bar riers and corridors, as follows: Swartberg sites in three subgroups, i.e. on the northern slopes, at high altitudes and on the southern slopes; Rooiberg; K am anassie; K ouga-B aviaanskloof; G rootrivierpoort, including the lower site of the Witrivierkloof; and the Groendal site (see Tables 5-8 The plant nomenclature follows Arnold & De Wet (1993) and the plant author names are according to Brummitt & Powell (1992) .
RESULTS

Species richness
The species are listed in the Appendix and summarized by growth forms for the different sites (Table 2) . Woody plants and vines form the bulk of the species.
Species numbers vary greatly between sites. In general there is a decline in species richness from east to west and from south to north. The mean number of species per site in the Kouga-Baviaanskloof complex is double the number in the Swartberg range. Note however that the mean number of species, particularly woody species, in the Rooiberg forests tends to be higher than the number in the Kamanassie forests.
Relationship between species richness and altitude, forest area and distance from source
The number of woody species (plus vines) is signifi cantly correlated with altitude and forest area (Table 3) , but not with distance to source area. Altitude alone ex plains 74% o f the variation in number of woody species. The number of herbaceous species is significantly corre lated only with forest size, but this regression model ex plains only 18% of the observed variation.
Distribution o f taxa on different mountain complexes
Only 10% of the species occur in more than 50% of the sites and these are mostly tree and shrub species (Table  4) . For example, 48 of the 118 tree and shrub species occurred in one or two sites only, i.e. 10% or less of the sites. The pattern of occurrence of species on the different mountain ranges became clearer when the pattern was considered in relation to the distribution range of species in both the inland and coastal forests.
W idespread species on the inland mountains
Species which occur in more than 50% of the sites occur in most sites of all the mountain groups (Table 5) . Site preferences of the species are based on their occur rence in the coastal forests (Geldenhuys 1993a). The Kamanassie sites lack several species which have a pref erence for drier habitats although these species occur in the high altitude sites of the Swartberg. Those which do occur in the Kamanassie are confined to the lower end of Kluesrivier.
Species widespread in coastal forests but with limited spread in study area
Very few of the widespread species of the coastal for ests which have a limited spread on the inland mountains do occur in the Swartberg range (Table 6 ). Those which do occur there are confined to the southern sites. Note again that very few of these species occur in the Kamanas sie. However, two of the Kamanassie species are absent from the Rooiberg, i.e. Rapanea melanophloeos and Diospyros whyteana. Ocotea bullata is confined to the Kamanassie and one site in the Rooiberg. Many of the Rooiberg species are absent from the Kamanassie. The majority of the species occur in Groendal and Grootrivierpoort and in one or more sites of the Kouga-Baviaanskloof, and many of these are absent from the Kamanassie or Rooiberg. Note the decrease in number of species from Groendal through Grootrivierpoort to the Baviaanskloof.
Species with limited/disjunct distribution in, or absent from, the coastal forests
These species fall in two groups: those which are con fined to the western ranges, i.e. Swartberg, Rooiberg and Kamanassie; and those which are confined to the eastern ranges (Table 7) . Note again the decrease in number of species from Groendal through Grootrivierpoort to the Baviaanskloof.
Endemic species of the region
Nine woody species are endemic to the study area, or have their main distribution in the southern Cape. O f these only Virgilia divaricata is widespread in the study area (Table 8) . Laurophyllus capensis, which has a wide dis tribution in the coastal areas, is confined to a few sites in the Groendal area where it grows in association with V. divaricata. Strelitzia alba, not recorded during this study, has since been recorded from one locality in the Kouga Mountains (M. Yates pers. comm. 1991; see Geldenhuys 1992a for its distribution in the coastal forests). 
---------------------------------------
Seed dispersal mechanisms
The m ajority o f woody species (Tables 5 -8 ) have fleshy fruits or seeds which are dispersed by frugivorous birds an d /o r m am m als. A m ong the plants with dry propagules, only the ferns, the liane Secamone alpini and the two Brachylaena species are readily dispersed by w ind. Cunonia capensis, Nuxia floribunda, Buddleja saligna and B. salviifolia produce small seeds in capsules which may be blown over short distances in strong wind. Gonioma kamassi, Ptaeroxylon obliquum and some of the other species have winged seeds which are not well suited for wind dispersal. Note that the majority of endemic spe cies (Table 8) have dry seeds which are not particularly adapted for dispersal over longer distances.
DISCUSSION
Species richness
The forests on the inland mountains of the southern Cape contain 118 tree and woody shrub species, 24 of which are not included in the 140 tree and shrub species of the coastal forests (Geldenhuys 1993a). The difference in number of species of the herbaceous growth forms be tween the two areas is much larger. It has been assumed that woody species are more persistent in suitable habitats because the majority of them can resprout after fire, and that they create the micro-habitat for forest understorey plants. In this discussion interpretation of the patterns in species richness and composition is almost confined to the woody species.
Habitat preferences o f species
Habitat preferences of species along an altitudinal gra dient do not explain the major differences in species com position of forests in d ifferen t parts o f the inland mountains. The decrease in species richness of woody plants and vines with increasing altitude suggests that many species cannot grow at high altitude. The majority of the widespread species of the coastal forests which have a limited distribution in the inland sites are indeed con fined to the low-lying mountain valleys and riverine sites. However, these species are also absent from similar sites on the northern side of the Swartberg range, and many are absent from similar sites on the southern Swartberg, the Kamanassie and the Rooiberg (Table 6 ). 1 1 1 W here habitat preferences have been attached to some species (Table 5) , their demonstrated wide tolerances do not explain their absence from certain forests. The wide spread species associated with moist coastal sites, occur on the inland sites both at high and low altitudes and in sites which are relatively dry. In several sites they are not confined to the moist, cool sites along the streams, but grow on steep, exposed slopes and often shallow, rocky sites far above the streams, for example in the Kamanas sie, the upper Bosrivier, Meiringspoort and Sapreerivier sites. Only widespread inland species which are associated with both dry and moist coastal sites, grow in the northern Swartberg sites (Table 5) , often where the stream courses open up to the north into the arid Great Karoo.
Species-area relationships and long-distance dispersal
Area is a significant variable in the regression models; this explains the richness of both woody and herbaceous species but in both cases accounts for a relatively small 
Species outside coastal forest _ _ . portion o f the variation. Direct distance from the source areas ranges from 30 to 80 km but is an insignificant variable in the regression m odels. For exam ple, the Kamanassie Forests are some of the largest in the study area, are the closest to the coastal forests, particularly the large forests north of Knysna, and represent the moistest sites; yet they contain fewer species than the Rooiberg Forests and lack several species which are present in the Rooiberg. The Rooiberg is a drier mountain, has small forests and its closest source areas are scattered forests between Mossel Bay and George to the southeast and some Langeberg forests west of Riversdale.
The distribution patterns of very few species support claims of long-distance dispersal despite the fact that the majority of tree and shrub species have fleshy fruits or seeds, many of which I have observed being eaten by birds in the coastal forests.
• Rapanea melanophloeos and Ficus burtt-davyi occur in one and two sites respectively in the Swartberg range which could be attributed to long-distance dispersal. Ocotea bullata may have been dispersed into the Rooiberg and Kamanassie from relatively nearby forests with O. bullata which exist on the northern slopes o f the Lange berg (Garcia Pass near Riversdale) and Outeniqua M oun tains (Robinson Pass near Mossel Bay and near Noll west of Uniondale).
• M ost o f the species w hich are present in the Rooiberg but absent from the Kamanassie are generally readily d ispersed by birds. T heir absence from the Kamanassie and the limited distribution in the study area of other similarly readily dispersed species of the coastal forests such as Apodytes dimidiata, the two Podocarpus sp ecies, the tw o Olea capensis subspecies, Psydrax obovata and Canthium mundianum casts doubt on the relevance of long-distance dispersal in the study area.
• Several species which release minute dry seeds from dry capsules, but which are not effectively dispersed by wind, show distribution patterns which are similar to the patterns of frugivorous species. Examples are Cunonia capensis, Nuxia floribunda, Buddleja saligna and B. salviifolia. Their dispersal by birds or mammals is very unlikely.
• The absence of suitable dispersal vectors may be the reason for the insignificance of long-distance dispersal. The sites were visited during different seasons over sev eral years but only one Rameron pigeon (Columba arquatrix) was seen in the Swartberg Pass Forest. No studies exist to indicate the migration patterns of frugivorous birds in the southern Cape. It has been suggested that the Ra meron pigeon migrates up and down the coast (Phillips 1927). That Rameron pigeons would fly from the coast where food sources are more readily available to the in land mountain forests where their food sources are more limited and possibly irregularly available seems highly un likely. Small flocks of Red-winged starlings (Onychognathus morio) were often seen in the vicinity of the inland forests, but rarely seen along the coast.
D ispersal barriers and corridors
The parallel mountain ranges are obvious barriers to the dispersal of forest taxa from the coast to the inland forests. The mountain ridges experience strong, cold winds and ex treme temperatures. Ice often forms in the sheltered gullies near the top (pers. obs.). Frequent controlled and natural fires in the fynbos on the mountain slopes prevent the estab lishment of forest species in the exposed sites and confine or eliminate existing forests. This was observed in most of the sites or was evident in the small sizes of trees near the forest edge in more protected sites.
Dry lowlands and valleys of the Little Karoo minimize the number of species which are able to cross them by means of establishment in small bush clumps in a step ping-stone fashion.
The obvious dispersal corridors are the Zunga River, the Gamtoos River through the Grootrivierpoort and Baviaanskloof, the Keurbooms River and the Gouritzpoort. The first two river systems are effective corridors for stepping-stone dispersal. The sites along the Zunga River the end constitute of the subtropical transitional thicket and riverine forests which are connected with the Alex andria and other coastal forests. Many streams run into the Baviaanskloof River from the mountain ridges to its north and south and provide refuge sites for forest spe cies. The B aviaanskloof shares many o f the species which occur in the Grootrivierpoort and W itrivierkloof and at Groendal. The remaining two rivers are not effec tive corridors. The Keurbooms River does not breach the relatively low Outeniqua-Tsitsikamma mountain ridge to provide direct and easy access for dispersal of forest spe cies from the large Knysna forests to the Kamanassie Mountains. The Gouritzpoort contains no sheltered sites for forest establishment and north of the poort is an arid lowland. It is not connected with any nearby forests to the south of the poort. It may have been an effective dispersal corridor in earlier, moister periods, but not un der the present climate.
Forest migration in relation to climatic change
Following on from the earlier discussion, it is therefore suggested that the variation in species richness on the in land mountains is mainly the result of different degrees of intermingling during the contraction and expansion of the different floras due to climatic and landscape changes since the Palaeocene. Only tree and woody shrub species have been considered for this interpretation because it has been assumed they are the key elements which create the specific micro-habitats for herbaceous elements of the un derstorey of particular vegetation units. Certain understorey species should th erefo re c o rre late w ith the distribution pattern of particular groups of tree species. Factors such as the altitudinal gradient, forest size, site preferences and dispersal corridors and mechanisms are merely contributing to this variation within a particular mountain range. In this study at least four floras can be recognized from the distribution patterns of the species as listed in Tables 5 to 8, namely: temperate or austral forest relicts; subtropical forest; subtropical transitional thicket and karroid riverine woodland.
Temperate forest
It is suggested that most of the widespread inland spe cies characteristic of moist sites (Table 5 ) represent relicts of the temperate austral forests (such as Cunonia capensis) or high-altitude forests of tropical latitudes (such as Ilex mitis, Halleria lucida and Kiggelaria africana) which cov ered the southern tip of Africa during the Palaeocene, rather than recent dispersal events. These temperate forests were eliminated with changes toward warmer and more humid climates associated with the northward drift of the African continent (Axelrod & Raven 1978; Deacon 1983) . These constituent species grow in forests on all the moun tain complexes in the study area, and are the only species which grow in sheltered sites on the northern slopes of the Swartberg range. They are also the main species of the for ests in the cool, sheltered kloofs and gorges of the inland mountain ranges in the southwestern Cape (pers. obs.). Many of them occur in the isolated Afromontane forests of southern and eastern Africa (Killick 1963; Chapman & White 1970; Dowsett-Lemaire 1988) . The poorts through the Swartberg range had breached the ranges by the early Tertiary (Lenz 1957) and would have allowed dispersal of other readily dispersed species through the poorts from south to north, if they were present by that time. Even if it is argued that in more recent times the fleshy-fruited tree species may have been dispersed to the northern side of the Swartberg by birds, the argument does not account for the presence of Cunonia capensis with its small, dry seeds. The wide habitat toler ances of these species enabled them to survive and to occur widespread in the study area, and in southern Africa (Geldenhuys 1992b).
Species which could be added to the list of temperate forest species are Pterocelastrus rostratus, Diospyros glabra and Brachylaena neriifolia. Their eastern distribu tion limits in the study area (Table 7) coincide with the longitude o f their eastern limits in the coastal forests (Geldenhuys 1992a). Their distribution patterns suggest a more continuous distribution at some early period which was later fragmented into their present pattern.
Subtropical forest
It is suggested that the widespread coastal forest spe cies with limited spread in the inland sites (Table 6) rep resent elements o f the subtropical forest which replaced the temperate forests since the Oligocene-Miocene (Axel rod & Raven 1978; Deacon 1983) . Most of these species occur also in the coastal forests of the southern and south western Cape (G eldenhuys 1993a; M cK enzie 1978). These forests have expanded from the east. The easterly orientation of the Zunga and Gamtoos Rivers and the Kouga-Baviaanskloof valleys suggests that they would have been more readily colonized by the expanding sub tropical forests. The Gouritz River breached the Langeberg-Outeniqua range during the late Cretaceous as a subsequent poort, i.e. it developed along a relatively weaker part of the range by a headward eroding stream (Lenz 1957) . With widespread forest along the coast south of the Outeniqua-Langeberg Mountains and with a more humid climate (Hendey 1983) the Gouritz River could have been a suitable dispersal corridor for some species to enter the southern sides of the Rooiberg. The RooibergGamka mountain range forms a loose connection to the southeast with the Outeniqua range and may have had sheltered sites on the southwestern side. Today several species of the western fynbos element, e.g. Mimetes cucullatus, that are characteristic o f the w etter coastal ranges, also occur on the Rooiberg-Gamka range and the adjacent Outeniqua range (Taylor 1979; J.H.J. Vlok pers. comm. 1988). They support the dispersal route suggested for the forest species, although the fynbos migration re lates to Late Pleistocene times and different environmental conditions which would not support forest.
The nature of the deposits in the Oudtshoom Basin suggests that the climate during the Late Cretaceous was similar to the present semi-arid climate and the Olifants River portion of the breach between Rooiberg and Gamka Hill occurred as late as Plio-Pleistocene (Lenz 1957). This semi-arid climate and the late breach would have pre vented the spread of subtropical forest towards the Swart berg. The absence o f a direct corridor betw een the Keurbooms River and the Kamanassie accounts for the absence from the Kamanassie of several Knysna forest species, which are present in the Rooiberg (Table 6 ).
Some of the widespread as well as disjunctly distributed coastal species are confined to the Groendal, Grootrivierpoort and lower Witrivierkloof sites (Tables 6 & 7 ; Ap pendix). Two possible explanations for this pattern are: 1, most of these species have relatively large fruits or seeds which require specialized dispersal vectors. The seeds of some species such as Podocarpus latifolius and Calodendrum capense loose viability fast when they dry out, and those of other species such as Olea capensis subsp. macrocarpa and Cassine papillosa have long germination peri ods due to woody seed coats (Geldenhuys 1975 (Geldenhuys , 1996 and are then liable to predation by rodents (pers. obs.). However, others with similar seed types occur further into the Kouga-Baviaanskloof complex such as Ekebergia cap ensis and Podocarpus falcatus (both are dispersed by bats; see Geldenhuys 1993b for P. falcatus)-, 2, a more likely explanation is that the subtropical forests expanded in dif ferent waves and that each wave contained a different set of species. The expansion and contraction could be related to successive periods of high and low sea levels respec tively, which in turn were associated with humid and arid periods respectively (Hendey 1983). During later periods of forest expansion along the coast, some areas, particu larly the more arid inland areas, may not have been suit able for the colonization by forest species.
For example, Podocarpus falcatus occurs as far west as Swellendam, and P. latifolius as far west as the Cape Peninsula (Von Breitenbach 1986). Both grow in small forest patches near the southern exit of the Gouritz River through the Langeberg-Outeniqua ranges. Both are readily dispersed in the southern Cape coastal forests (Geldenhuys 1980 (Geldenhuys , 1993a but have a limited entry in the Baviaanskloof and are absent from the Rooiberg and Kamanassie. It is suggested that they represent a relatively late southwestern expansion of the subtropical forests when barriers of semiarid lowlands inland of the coastal mountains prevented their spread inland. This implies that the two Podocarpus species have a tropical origin and are not part of the aus tral flora as has often been suggested (e.g. Levyns 1964) . Their large fruit size indicates a tropical affinity (Givnish 1980) , in contrast to the small fruit size of austral podocarps of Australia, New Zealand and Chili (pers. obs.). It is suggested that the fossil podocarp pollens from some southwestern Cape sites (e.g. Coetzee 1986) may repre sent austral podocarps which became extinct with the re gression of the early temperate forests and before the present species arrived in the area.
Some species represent the spread of subtropical tran sitional thicket (Cowling 1984; Everard 1987 (Geldenhuys 1992a) .
Some coastal dune forest species, such as Strychnos decussata and Eugenia zeyheri, require specialized sites which prevented their spread inland. For example, S. decussata grows on a terrace along the Zunga River in a site similar to that in which the species grows in Nature's Valley along the southern Cape coast (Geldenhuys 1986). Strelitzia alba also falls in this category.
Some species, such as Trichocladus ellipticus, repre sent relicts of a retreating forest flora (Geldenhuys 1992a).
Subtropical transitional thicket and karroid w ood land
The widespread inland species of drier sites (Table 5 ) are generally associated with subtropical transitional thicket (Cowling 1984; Everard 1987) . They have prob ably become mixed with the more tolerant moist forest elements with the increasing aridity since the beginning of the Miocene-Pliocene (Deacon 1983). They occur in few of the sites at higher altitudes. They are more promi nent in the bush clumps and subtropical transitional thicket of the more arid lowlands and riverine sites in the drier, open valleys of the Baviaanskloof and Karoo. They occur in the drier parts of moist sites as they are found where streams from the mountains open up into the dry valleys, or on the drier slopes above the streams, or along open valleys or gorges such as Meiringspoort. Seeds of several of the species were found along the krantzes above the study sites and it is assumed that Red-winged starlings (O. morio) dispersed the seeds from the lowlands or other nearby sites. Many of these species are, however, absent from the Kamanassie sites although they are present in the lowlands further away from the mountain. The higher (Eo-Oligocene) and lower (Mio-Pliocene) surfaces on the southern side of the Kamanassie (Lenz 1957) could ac count for this absence. At Boomplaas Cave, between the Swartberg Pass and Rust-en-Vrede sites, charcoal assem blages indicate that A. karroo only became dominant in the late Holocene during more mesic conditions (Scholtz 1986 ). This species was absent from charcoal layers older than 12 000 years although it was apparently a much pre ferred firewood. It became a major component of wood land in the valley near the cave after 5 000 yBP, after an initial spread into the valley during the early Holocene (Deacon et al. 1983 ).
Endemic species
The endemic species represent two major groups: forest margin species such as Virgilia divaricata (Phillips 1926) , Laurophyllus capensis (Phillips 1931; Geldenhuys 1993a) and Widdringtonia schwarzii (Liickhoff 1963) ; and species o f d r ie r s ite s su c h as Lachnostylis bilocularis a n d Loxostylis alata (Palmer & Pitman 1972) . The sites in which the forest margin species mature suggest that they can only persist with less frequent fires than under which fynbos persists. This has been shown for L. capensis (Vlok & De Ronde 1989) . Trees of V. divaricata (Phillips 1926) and Widdringtonia schwarzii (Liickhoff 1963) are killed by fires and depend on reseeding for regeneration. All except Smelophyllum capense have dry seeds which do not appear to be readily dispersed. It is assumed that these species have evolved in this region. It is suspected that they formed part of specific vegetation units but became separated and isolated to a lesser or greater degree as a result of their poor dispersability and sensitivity to frequent fires.
The distribution of Virgilia (Van Wyk 1986) corre sponds with the distribution pattern of the subtropical for est species w hich expanded during the O ligoceneMiocene. It is suggested that V. divaricata was the parent species from which the other species evolved because of its presence in both the inland and coastal forests. Its ab sence from Rooiberg but presence in Kamanassie suggests that the species became established at a relatively late stage of expansion of subtropical forest. Its crossing of the gap north of the Keurboom s R iver tow ards the Kamanassie can perhaps be explained by dispersal of the resistant seeds by primates, particularly the baboon (Papio ursinus) and Vervet monkey (Cercopithecus aethiops). Both these primates have been seen in stands of Acacia karroo and the alien wattle A. mearnsii which have seeds very similar to V. divaricata. Seeds of V. divaricata have been found in the faeces of the baboon in the coastal mountains. Van Wyk (1986) mentioned two forms of the species: a form of drier localities such as in Seweweekspoort, Baviaanskloof and Groendal; and the form of the coastal forests between Humansdorp and George. In the context of the spread of the species I consider the form of drier localities as the first stage and the form of the coastal forest as the second stage.
Lachnostylis bilocularis was recorded in the Rooiberg and Meiringspoort but it also occurs in various localities between Ladismith and Uniondale (Palmer & Pitman 1972) . In Meiringspoort the tree grows in the southern part of the gorge up to a particularly narrow part of the gorge but does not occur north of it. Its distribution sug gests that it was more widespread before. The related L. hirta occurs in the coastal forests over a somewhat wider range (Palmer & Pitman 1972) . It is suggested that L. hirta spanned the Gouritz River valley during less arid periods of the Oligocene-Miocene with a wider distribu tion in the dry, forested coastal areas. L. bilocularis evolved inland as an adaptation to dry, open sites and eventually became limited to the present localities when the lowlands became even drier. Both species have dry seeds in dry capsules and are poorly dispersed. Calpurnia villosa has a similar but more restricted distribution than L. bilocularis, which also centres on the Gouritz River and its tributaries in the Oudtshoorn basin (Palmer & Pit man 1972) . The record of C. villosa from Grootrivierpoort could be based on my misidentification in the field of C. aurea, a species which has a disjunct distribution along the coast (Geldenhuys 1992a).
CONCLUSIONS
The systematic survey of forests in the inland mountain ranges in relation to the geomorphological evolution of dis persal corridors which link them with the coastal forests has provided a means to postulate relative dates for the expansion and contraction of floristic elements of both the inland and coastal forests. However, certain assumptions made in this study require to be verified, such as the following:
• Dispersal distances by wind of the small, dry seeds of Cunonia capensis and Nuxia floribunda.
• Flight patterns of frugivorous birds between the coastal and inland forests, and the feeding behaviour of these birds.
• The phylogenetic relationships of species of genera such as Lachnostylis and Virgilia, and of provenances of several other species such as Ilex mitis and the Podocarpus species.
Disturbance regimes in the study area have changed over time. The current man-induced disturbances of the vegetation exert extreme pressures on the forests which persisted in refuge sites in marginal environments. The forest patches should be treated as rare 'species' to allow the natural processes of population migration, settlement and adaptation to continue. The following examples of changed management could provide the required protec tion to these forests:
• Burning patterns during controlled block bums in catchments which contain forest patches should be recon sidered. The forests should not be used as fire breaks as has been done in several cases. Fires should be burnt down the slopes as would occur with natural fires (Geldenhuys 1994) and not from the bottom of the valleys upwards.
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